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Abstract: Field pea (Pisum sativum L.) has the potential to be a suitable companion crop for the establishment of red
clover (Trifolium pratense L.), as it is fast growing and is harvested early, and thus reduces the duration of competition
and allows light to be transmitted through its canopy to an undersown species more so than other companion crops
such as small grains. The aim of this study was to determine the suitability of field pea as a companion crop for red clover,
and in particular to determine the effect of pea cultivar and plant population density. The field experiment comprised 2
sowing years, (2004 and 2005), and the first cut in the first full harvest year in 2005 and 2006. The factorial component
of the experiment involved 2 pea varieties (Jezero: semi-leafless; Javor: normal leaves with reduced leaflet size) and 3
densities (30, 60, and 90 plants m-2). Two control treatments were also included in the experiment, i.e. red clover grown
as pure stand (control I) and red clover with oat as a cover crop (control II). When the field pea had reached the
harvestable stage all plots were cut, followed by 2 additional cuts in the sowing year. Yields at the first cut in the following
year were also recorded. Forage and protein yields, as well as the weed proportion were measured. On average, control
II produced the highest forage yield, followed by pea as the cover crop; the lowest yield was obtained in the pure stand
of red clover. Field pea cultivar yields did not differ significantly. The highest average yield was obtained with 90 plants
-2
m . The first cut comprised the highest proportion of annual yield (50%-69% when field pea was included). Red clover
establishment was not adversely affected by competition from peas. As crude protein content did not vary much, crude
protein yield followed the same trend as forage yield (r = 0.83).
Key words: Companion crop, establishment, field pea (Pisum sativum L.), plant number, productivity, red clover
(Trifolium pratense L.)

Introduction
Red clover (Trifolium pratense L.), one of the most
widely grown perennial legumes, can be established
either in summer/autumn or in spring. As small

seeded legumes are sown shallowly and are especially
vulnerable to drought stress, red clover is generally
sown in spring in Serbia, when conditions are more
favorable for establishment (Ćupina et al. 2000);
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however, spring-sown crops have significantly lower
yield in the year of establishment than crops sown the
previous autumn. Furthermore, weeds are a more
significant problem in spring-sown crops (Ćupina et
al. 2000). According to Avola et al. (2008), there is
increasing interest in sustainable weed management
in low-input farming systems. Zollinger and Meyer
(1996) reported that weed control during perennial
forage legume establishment without a companion
crop is critical to obtaining a productive stand. Klesnil
(1980) and Matejkova (1982) reported that pure crops
of perennial legumes produced significantly lower
forage yields than intercrops, and that slow growth
during establishment increased their vulnerability to
weed invasion. However, intercropping with shortseason crops, such as field pea, significantly reduced
weed incursion. In general, intercropping with
perennial legumes is deemed to be an effective
agricultural method and, more specifically, a forage
production technique, because it offers greater yield
stability and higher yields, reduces weed competition,
increases protein content within a mixed diet, and
improves land-use efficiency (Anil et al. 1998). An
annual forage or grain crop, when sown as the
companion, can control weeds and soil erosion,
provide an economic yield during establishment of
the perennial forage crop (Lanini et al. 1991; Joanne et
al. 2001), and produce a return in the seeding year
(Sturgul et al. 1990; Chapko et al. 1991). Undersown
crops refer to the perennial forage crops established
with the annual companion crop (Koivisto 2002). In
Serbia small grains, primarily oats and barley, are
traditionally intercropped with perennial legumes,
but these tend to grow too rapidly and are too
competitive for the legume (Ćupina et al. 2000). The
literature contains limited data on alternative
companion crops (Sule 1993).
Field pea is suitable for intercropping with red
clover because the crop can be harvested quickly and
the canopy structure is not dense enough to cause
suppressive shading. It requires a similar soil type to
that of red clover and it may act as an additional
source of nitrogen for the undersown crop (Jensen
and Hauggaard-Nielsen 2002). Because of its short
growing season field pea is suited for harvesting when
the first (establishment) cut of perennial legumes is
due, significantly increasing the protein yield in the
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harvested crop (Koivisto 2002). Similar conclusions
were reported by Vrzal et al. (2001), who claimed that
field pea is suitable for intercropping with perennial
legumes, especially red clover.
Cultivars of field pea currently available differ in
morphology, primarily in leaf structure and plant
height. Peas with short stems and reduced leaf area,
resulting in more developed tendrils, the so-called
semi-leafless type, are important for intercropping, as
light penetration is greatly improved, providing better
conditions for initial growth of the undersown crop
(Koivisto 2002). According to Simmons et al. (1995),
light intensity at the level of the perennial legume
within the semi-dwarf companion crop canopy was
consistently higher than that with conventionalstature companion crops.
In addition to selection of a suitable field pea
cultivar as a companion crop, appropriate production
technology must be developed. To mitigate the effect
of competition between the intercropped plants it is
recommended that the normal seeding rate of the
companion crop be reduced (Smith et al. 1985; Lanini
et al. 1991; Vough et al. 1995), which shows that the
optimum stand density, i.e. the number of plants of
the companion crop per unit area, needs to be
determined (Tan et al. 2004). Once these criteria are
met, it should be possible to produce a crop that will
be high yielding, nutritious, and palatable to most
livestock.
In view of the above considerations the primary
objective of the present study was to determine the
suitability of field pea as a companion crop for red
clover. Additional objectives were to identify a field
pea cultivar suitable as a cover crop and to develop an
appropriate production technology, i.e. to determine
the optimum population density of pea plants. The
study was based on data collected in the establishment
year and from the first cut in the first full harvest year
during 2 establishment cycles.
Materials and methods
The 3-year field experiment carried out during
2004-2006 comprised 2 sowing years (2004 and 2005)
and the first cut of the first full harvest year in 2005
and 2006. It was conducted at the experimental field
of the Institute of Field and Vegetable Crops at Rimski
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Šančevi, in slightly carbonated chernozem soil. Red
clover (Trifolium pratense L. ‘Kolubara’) was the
undersown crop and field pea (Pisum sativum L.) was
the companion crop. The study employed a 2-factor
trial design (factor A: cultivars Jezero [semi-leafless]
and Javor [reduced leaflets]; factor B: plant densities:
30, 60, and 90 plants m-2) with 4 randomized blocks
and 2 control treatments. Control I was a pure stand
of red clover (a common method of establishment),
while control II was red clover sown with oats (Avena
sativa L.), a traditional method of red clover
establishment in West Balkan countries.
Peas were first sown at a depth of 4 cm in rows 20
cm apart. Red clover was then sown between the pea
rows at a depth of 2 cm, reducing the distance between
the rows to 10 cm. The crop was harvested when the
field pea reached the appropriate stage for forage
production (8 June 2004 and 17 June 2005), and green
forage yield (t ha-1) and crude protein (t ha-1) were
assessed. In addition to yield of the first cut, total
annual yield was measured in the establishment year
to assess the effect of the cover crop on the
regeneration rate and yield of the undersown red
clover in subsequent cuts (second and third) the same
year. Herbage yield, which included red clover, was
also assessed at the first cut the first full harvest year;
therefore, there were 2 biennial cycles: 2004
establishment year and 2005 residual year; 2005
establishment year and 2006 residual year. A
representative sample collected from 1 m2 at forage
harvest was divided into pea forage, undersown
species, and weed fractions. These were hand
separated in the lab and weighed.
Nitrogen content, measured using the Kjeldahl
method, was multiplied by 6.25 for both legumes and
by 5.70 for oats to provide an estimate of the crude
protein (CP) proportion (Undersander et al. 1993).
The CP yield was determined by multiplying its
proportion by total forage yield (FAO 2002). The
significance of differences between means was tested
by analysis of variance, and relationships between
variables were analyzed using regression and
correlation analysis and Statistica v.8.0 statistical
software. Fisher’s LSD test was used to detect
significant differences between the treatments for all
mean values at P = 0.05.

Following the assumption that controls I and II
would have extreme forage yield values (minimum
and maximum, i.e. 13.8 and 40.3 t ha-1), they were not
taken into account in the statistical analyses
mentioned above. At the same time, by excluding
controls I and II more precise results were obtained
related to the field pea companion crop, i.e. cultivar
and plant number parameters. Path analysis was used
to partition the relative contribution of yield via
standardized partial regression coefficients in order
to separate the correlation coefficients into direct and
indirect influences (Dewey and Lu 1954; Açikgöz and
Tekeli 1980).
Weather conditions were quite favorable during
the establishment and growth of the crops the first
year of the first cycle. Low rainfall in March (16 mm)
did not significantly affect the growth of the
intercrops, as April had high rainfall (112 mm) and
temperatures were above the long-term average; the
results are presented in Table 1. Rainfall was below the
long-term average of 56.5 mm only in August, when
39 mm was recorded. In the second year of the study
(first year of cycle 2), as rainfall was high and
temperatures were low in March, sowing was
postponed for 10 days. Low rainfall in April and May
(31 mm and 37 mm, respectively) resulted in slow
growth of the intercrops, which affected yield at the
first cut; however, rainfall in the 4 subsequent months
was significantly above the long-term average, which
again affected the annual yield of green forage.
Results
Green forage yields were lower in the second year
of the study than in the first year (Table 2). This was
due to low rainfall in April, which impacted the
performance at the first cut (Table 1). Total yield was
significantly higher when red clover was sown with
-1
-1
pea (21.8 t ha and 19.5 t ha , respectively) than when
grown as a pure crop (control I), but the highest green
forage yields were obtained with control II (44.9 t ha-1
and 35.7 t ha-1 in establishment years 1 and 2,
respectively) (Table 2). This could explain the
hypothesis that the minimum and maximum forage
yield values could be achieved with controls I and II.
In both years pea plant population density
resulting from differences in sowing density had a
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Table 1. Some climatological parameters of the experimental site (precipitation (mm), average monthly temperatures (°C) and relative
humidity (%)) for 2004-2006 (Source: Meteorological station, Rimski Sancevi).
Precipitation (mm)
Year/Month
2003-4
2004-5
2005-6
Long-term average

X
142
89
7
47

XI
27
139
21
50

XII
18
33
65
47

I
54
32
31
38

II
41
42
45
32

III
16
42
74
36

IV
112
31
65
48

V
89
37
72
58

VI
80
138
104
85

VII
63
123
32
69

VIII
39
78
123
56

IX
42
66
23
46

V
15.2
17.0
16.3
16.8

VI
19.8
19.3
19.3
19.9

VII
22.0
21.7
23.3
21.2

VIII
21.7
20.3
20.3
21.0

IX
16.3
18.0
18.7
16.9

V
72.3
68.1
68.8
65.9

VI
75.4
68.4
75.4
66.4

VII
67.7
77.6
66.0
66.6

VIII
72.4
82.6
78.8
68.7

IX
74.6
81.3
72.5
72.4

Temperature (°C)
Year/Month
2003-4
2004-5
2005-6
Long-term average

X
10.4
14.2
12.7
11.6

XI
8.4
7.0
5.3
6.0

XII
2.5
2.7
2.3
1.2

I
-1.0
0.3
-1.0
-0.6

II
2.5
-3.3
1.7
1.6

III
6.7
4.7
6.0
6.2

IV
12.5
12.1
13.3
11.4

Relative humidity (%)
Year/Month
2003-4
2004-5
2005-6
Long-term average

X
79.6
80.4
76.0
75.5

XI
84.1
82.4
81.1
80.4

XII
82.1
86.2
87.6
84.6

I
85.4
84.1
83.1
83.1

II
81.2
87.8
82.2
79.0

III
72
74.5
75.7
69.1

IV
74.9
66.2
72.9
65.8

Table 2. Effect of field pea cultivar and plant density on 2-year yield of green forage (t ha-1) when intercropped with red clover (first cut,
annual yield, and first cut yield in the second year of red clover production).

Yield of the first cut in
establishment year
2004

2005

Total annual yield
in establishment year
2004

Cultivar × plant density

t ha

Yield of the first cut
in the second year of production

2005

2005

2006

-1

Jezero

30
60
90

17.5 a
21.4 b
25.8 c

14.8 a
19.2 b
21.5 c

33.1 a
34.9 a
36.1 a

31.4 a
32.6 a
33.6 a

35.4 a
37.6 a
37.6 a

35.3 a
37.9 a
37.5 a

Javor

30
60
90

18.9 a
23.9 b
26.1 c

16.7 a
21.0 b
25.9 c

36.1 a
38.6 b
38.2 b

34.5 a
34.1 a
36.8 a

35.9 a
35.7 a
38.2 a

40.0 a
39.4 a
36.9 a

Cultivars
Jezero
Javor

21.6 a
23.0 a

18.5 a
21.2 a

34.7 a
37.6 b

32.5 a
35.2 b

36.9 a
36.6 a

36.9 a
38.8 a

Plant density
30
60
90

18.2 a
22.7 b
26.0 c

15.8 a
20.1 b
23.7 c

34.6 a
36.8 b
37.1 b

33.0 a
33.4 a
35.2 b

35.7 a
36.7 a
37.9 a

37.7 a
38.7 a
37.2 a

13.2
44.9

14.4
35.7

24.2
55.8

23.5
45.9

36.9
33.5

37.1
31.0

Control I
Control II

Values followed by the same letter within columns are not significantly different at level of P: 0.05
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significant effect, with higher sowing densities
resulting in progressively higher yields than the lower
-2
sowing densities. The seeding rate of 90 plants m
produced significantly higher yields in both cultivars
-2
than 30 and 60 plants m .
As did the yield, the weed proportion had extreme
values in the controls (Figure 1). The pure red clover
stand had the highest weed proportion both years
(36.7% in 2004 and 43.7% in 2005), while control II
had the lowest weed proportion (1.67% in 2004 and
6.68% in 2005) due to the high competitiveness of
oats. The cultivar Javor was more competitive than the
weeds, with an average proportion of 9.71%, while the
weed proportion in the cultivar Jezero was 11.9%. The
weed proportion, as did the red clover proportion,
decreased as the number of companion crop plants
increased.
For intercropping, particularly with perennial
legumes, it is important to monitor the possible
negative effects on the undersown crop in the first cut
and subsequent cuts, and on the total annual yield.
Treatments had an effect on the contribution of
herbage to the total annual yield at the first cut (Figure
2). The proportion of the annual yield derived from
the first cut ranged from 50% to 69% when field pea
was included, was 58% in the pure crop (2 cuts), and
was as high as 79% when sown with oats. The low
variation in protein content (12.96%-17.85%)
indicated that the protein yield at the first cut followed
the same trend as the green forage yield (Table 3).

100%

Based on analysis of the simple correlation
coefficients, it was determined that total annual yield
had a strong positive correlation with forage and
protein yields at the first cut (r = 0.751** and r =
0.750**). There was no significant correlation (P =
0.05) between the total yield and the yields at the
second and the third cuts. Forage yield at the first cut
had a strong positive correlation with yields in the
subsequent cuts, except for the first cut in the second
year (Figure 3).
Path analysis was used to separate the simple
coefficients in order to determine in detail the impact
of individual yields per cut on the total annual yield.
Path analysis showed that all 3 cuts the first year had
a positive impact on total annual yield; the greatest
was the impact of the first cut (path coefficient: p15 =
1.551**; simple correlation coefficient: r15 = 0.751**).
Strong positive correlations were observed
between the second (p25 = 0.578**) and the third (p35
= 0.438**) cuts, and total yield, while that correlation,
if expressed by simple correlation, was not significant,
although it was negative. At the same time, there was
a negative indirect impact of the first cut on the
second (r12 p25 = –1.154) and third cuts (r13 p35 = –
1.229). It could be concluded that the examined
parameters defined the first cut with a high
2
determination coefficient (R = 0.9688), which means
they determined 96.98% of the impact on the total
yield of the first cut (Figure 3).

100%
2004

60%

Weed
Com. crop

40%

Red clover

80%
60%

0%

0%
30
60
90
Average
30
60
90
Average
30
60
90
Average
I
II

20%

Javor

Average

Contr

Weed
Com. crop

40%

20%

Jezero

2005

Red clover

30
60
90
Average
30
60
90
Average
30
60
90
Average
I
II

80%

Jezero

Javor

Average

Contr

Figure 1. Weed proportions (%) at the first cutting.
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100%

100%

80%

2004

2005

80%

60%

3rd cut

60%

3rd cut

40%

2nd cut

40%

2nd cut

1st cut

20%

0%

Jezero

Javor

Average

30
60
90
Average
30
60
90
Average
30
60
90
Average
I
II

30
60
90
Average
30
60
90
Average
30
60
90
Average
I
II

0%

1st cut

20%

Jezero

Contr

Javor

Average

Contr

Figure 2. Proportions of the cuttings (%) in total annual yield.

Table 3. Effect of field pea cultivar and plant density on two years
-1
yield of crude protein (kg ha ) when intercropped with
red clover (first cut).
2004
(Cultivar × Plant density)
Jezero

2005
kg ha

-1

30
60
90

393.9 a
474.4 b
561.8 c

246.2 a
306.0 b
420.9 c

30
60
90

414.0 a
566.2 c
506.5 b

300.7 a
358.2 b
443.9 c

476.7 a
495.6 a

324.4 a
367.6 b

404.0 a
520.3 b
534.2 c

273.5 a
332.1 b
432.4 c

293.3
778.0

224.7
699.4

observed an extremely low determination coefficient
(R2 = 0.1495) for the traits that affected the second
cut, which means that the yields in the first year in
companion crop management had little impact on the
yields in the second year.
Discussion

Values followed by the same letter within columns are not
significantly different at level of P: 0.05

The choice of pea cultivar as a companion with
perennial legumes is of particular importance.
Faulkner (1985), and Gilliland and Johnston (1992)
reported that fully leafed pea cultivars are prone to
lodging, suppressing the growth of the undersown
species. Therefore, appropriate field pea cultivars
should be chosen with care for intercropping because
this will affect the risk of lodging, which in turn will
affect the likelihood of soil contamination of the
harvested herbage or the degree of suppression of the
undersown crop. In the present study the standing
ability of the 2 field pea cultivars was not observed to
adversely affect establishment of red clover and the 2
cultivars tested had similar yields, with no consistent
differences between them across the 2 establishment
years.

When expressed by simple coefficient correlations,
yield in the first year was not correlated with that in
the second year, meaning the yield in the first year did
not affect red clover productivity in the second year.
With additional dismembering to path coefficients we

Companion crops can also compete with young
perennial forage seedlings for nutrients, light, and
moisture, and may reduce annual yield and
persistence. Dense and lodged companion crops can
interfere with the undersown crop, resulting in thin
stands. Companion crop competition may be partially

Javor

Cultivars
Jezero
Javor
Plant number
30
60
90
Control I
Control II
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r14 =-0.75

r13 =-0.79

r12 =-0.74

p45 =0.44** r 45 =-0.75
Protein yield in
the first cut (4)

p56 =-0.65** r 56 =-0.09

r15 =-0.83
r25 =-0.48

Total anual
forage yield (4)
r35 =-0.54

p46 =-0.54** r 46 =-0.07

r24 =-0.13

r23 =0.97

First cut second
year of production
(6)

r34 =-0.21

r14 =-0.83

r24 =-0.54

Third cut
forage yield (3)

r45 =0.75

r12 =-0.74

r13 =-0.79

Second cut
forage yield (2)

r34 =-0.54

Third cut
forage yield
(3)

First cut
forage yield (1)

p36 =-0.71** r 36 =-0.14

p35 =0.58** r 35 =-0.21

Total annual
forage yield (5)

p26 =-0.24** r 26 =-0.12

Second cut
forage yield
(2)
r23 =0.97

p25 =-0.03 r 25 =-0.14

p16 =-0.14 r16 =0.12

First cut
forage
yield (1)

p 15 =1.55** r 15 =0.75

Protein yield in the
first cut (5)

px5 =0.18
Residual fac

px6 =0.92
Residual factor (X)

Figure 3. A path diagram and coefficients of factors influencing annual forage yield and yield at the first cut in the second year of
production.

reduced by cultural practices, such as reducing the
companion crop seeding rate and cutting as early as
possible, which are generally recommended (Tan et
al. 2004). Tesar and Marble (1988), and Horrocks and
Vallentine (1999) recommend a compromise between
high sowing rates, which maximize total crop yields,
but are too aggressive for the undersown crop, and
low rates, which sacrifice yield and are insufficient to
suppress weeds. To avoid excessively severe
competition with the undersown legume, it has been
recommended that the sowing rate of the companion
crop be reduced by as much as 50% (Vough et al.
1995). Additionally, if the cost of pea seed is taken into
account it is reasonable to question the use of the
highest seeding rate (Faulkner 1985; Ćupina et al.
2000). In the present study the highest forage yields
and the lowest weed proportions were obtained at 90

-2

plants m . It should be noted that the difference in
the forage yields in the intercropping between 90 and
60 plants m-2 in the first cutting was 3.4 t ha-1 on
average, while the weed proportion was 3.55%. With
subsequent red clover cuttings the difference
decreased, while the yield was equalized in the first
year of utilization. Regarding economics, it could be
recommended that in large-scale production a lower
seed rate (60 plants m-2) of pea companion crop
should be used.
The proportion of the annual yield derived from
the first cut, which reached nearly 80% when sown
with oats, is supported by Lanini et al. (1991), who
observed that yield from the first cut of a perennial
forage legume (alfalfa) and oat mixture in the
establishment year comprised 71%-98% of the annual
yield. These researchers also maintained that
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undersown crop yields at subsequent cuts during the
establishment year were reduced by the oat
companion crop. The annual trends in yield followed
closely those at the first cut.
Based on analysis of the correlation coefficients, it
was evident that in the denser companion crop
treatments the yields at the second and the third cuts
decreased, while the treatments with companion crop
in red clover establishment had no effect on red clover
in the second year. This indirect impact of the first cut
on the second and the third cuts may have been due
to the fact that red clover plants in deep shade require
more time to recover from the stress conditions
caused by the companion crop at the first cut. This
finding is supported by Tan et al. (2004).
Yield performance is not the only criterion for
determining the suitability of pea as a cover crop; the

forage's coefficient of digestibility in the diet of
ruminants should be considered as important as yield
performance. Smith et al. (1972) and Obračević
(1990) reported that the digestibility coefficients of
red clover, field pea, and oat at the harvestable stage
are 71%, 79%, and 54%, respectively. In addition, pea
has more suitable morphological and biological
characteristics, which tend to balance the negative
effects it may have as a cover crop in both the
establishment and first full harvest year.
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